The authors assessed bilateral motor and sensory function in individuals with upper limb dystonia due to unilateral perinatal stroke and explored interrelationships of motor function and sensory ability. Reach kinematics and tactile sensation were measured in 7 participants with dystonia and 9 healthy volunteers. The dystonia group had poorer motor (hold time, reach time, shoulder/elbow correlation) and sensory (spatial discrimination, stereognosis) outcomes than the control group on the nondominant side. On the dominant side, only sensation (spatial discrimination, stereognosis) was poorer in the dystonia group compared with the control group. In the dystonia group, although sensory and motor outcomes were uncorrelated, dystonia severity was related to poorer stereognosis, longer hold and reach times, and decreased shoulder/elbow coordination. Findings of bilateral sensory deficits in dystonia can be explained by neural reorganization. Visual compensation for somatosensory changes in the nonstroke hemisphere may explain the lack of bilateral impairments in reaching.
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Consequences often include focal seizures, cognitive impairment, and motor disability. 2 Those who have a persistent motor disability on one side of their body as a result of a perinatal stroke are often diagnosed phenotypically as having hemiplegic cerebral palsy, 1, 3 one of the symptoms being unilateral dystonia. According to the latest consensus in the field, dystonia is defined as ''involuntary sustained or intermittent muscle contractions that cause twisting and repetitive movements, abnormal postures, or both.'' 4 Dystonia can severely compromise volitional motor control, causing limitations in performing daily activities that persist into adulthood and lead to reduced societal participation. 5 The diagnosis of dystonia and the determination of its effect on motor and sensory abilities are far easier if it is the sole or dominant movement disorder present but are more challenging when dystonia coexists along with other forms of hypertonia or involuntary movement disorders. In children with perinatal stroke, dystonia is frequently associated with spasticity, which is more prevalent and easily identified, often obscuring the recognition of dystonia. 6, 7 As a result, dystonia can go undiagnosed and therapeutic approaches can be illsuited to address the particular features of dystonia. 8 Therefore, this study focuses on describing sensory and motor features associated with dystonia due to perinatal stroke in order to increase knowledge and awareness of dystonia and its functional consequences in those with childhood-onset brain injuries.
The available literature has shown that children with arm dystonia are hyporesponsive to sensory stimulation, as evidenced by higher thresholds of tactile discrimination in the dominant hand when compared with healthy children.
Abnormally slow reaching movements 11 and more curved movement paths compared with healthy children and children with predominantly spastic cerebral palsy are also reported. 7 However, characteristics of each hand in individuals with dystonia as one component of their movement disorder and the possible link between sensory and motor components have not been thoroughly investigated.
The contribution of sensory deficits to motor performance has been demonstrated in children with spastic cerebral palsy and adults with focal hand dystonia, which can provide some clues regarding common mechanisms of dystonia. In children with hemiplegia from various causes, deficits in spatial discrimination and stereognosis in the nondominant arm are related to poor anticipatory control when lifting objects with different surface properties 12 and to lower dexterity when performing a grasping task without visual guidance. 13 In adults with focal hand dystonia, the severity of dystonia correlates with sensory deficits and with abnormalities of the hand area in the somatosensory homunculus. 14, 15 These studies suggest that repeated, stereotyped movements are related to maladaptive cortical changes, such as dedifferentiation of the somatosensory hand representation, and to disrupted sensory discrimination, sensorimotor feedback, and fine motor control. In children with dystonia, reduced perceptual-motor experiences during development as a result of early brain injury can cause maladaptive changes to be even more pronounced.
Although the nondominant arm is usually more impaired in hemiplegia, sensory and motor deficits are also seen in the dominant arm. 13, 16 In the case of unilateral brain injury, the dominant arm can be affected by disinhibition of the intact hemisphere by the injured hemisphere. 17 In addition, the influence of unstable postural control on arm kinematics, 18 and the presence of bilateral brain injuries in some individuals with a hemiplegic phenotype, 19 can confound the understanding of which factors account for bilateral deficits. Therefore, the current study only investigated patients with unilateral brain lesions and provided sufficient trunk support during the performance of motor tasks. The purposes of this study were (1) to assess bilateral motor performance and tactile sensation in individuals with unilateral dystonia due to unilateral perinatal stroke and (2) to investigate the relation between sensory responses and motor outcomes and between the severity of dystonia and all sensory and motor outcomes.
The authors tested the hypothesis that higher spatial and temporal discrimination thresholds and lower stereognosis scores would be seen in both hands in individuals with childhood-onset dystonia compared with healthy volunteers. The authors also expected that motor function would be bilaterally affected in patients, although not as prominently on the side ipsilateral to the brain injury, resulting in poorer intralimb coordination, longer movement times, and abnormal hand orientation during a reach-to-lift task. Sensory and motor deficits were hypothesized to correlate with dystonia severity and with each other.
Methods Participants
A total of 20 participants were recruited into 2 groups for this study. The group with dystonia included 11 participants with a diagnosis of unilateral perinatal stroke and evidence of dystonia affecting 1 arm (mean age ¼ 15 + 4 years). Participants' demographics are shown in Table 1 . The control group included 9 healthy volunteers with no neurological disorders. The patients were recruited from local outpatient physiatry and neurology clinics, and healthy volunteers were recruited from the community.
Other inclusion criteria were as follows: 7 to 40 years of age, good general health, ability to understand and comply with instructions, and bilateral wrist passive range of motion of at least 15 of extension and 15 of flexion from neutral. Adult participants were required to be able to provide their own consent. The participants included in the dystonia group also had to demonstrate dystonia in one wrist, diagnosed by a pediatric physiatrist (K.E.A.) based on the Hypertonia Assessment Tool, 20 that began before the age of 13 years. Dystonia could be present in other joints as well. The exclusion criteria were as follows: botulinum toxin injection in the flexor carpi radialis and/or extensor carpi radialis in the last 6 months, and concurrent use of medicines for muscle tone (eg, baclofen, trihexyphenidyl, dantrolene sodium, tizanidine, or carbidopa/levodopa).
All the participants in the dystonia group were diagnosed with cerebral palsy 21 and were classified by one author (K.E.A.) using the Manual Ability Classification System (MACS) 22 as I to III. To ensure the homogeneity of the sample, data from 4 of these participants were further excluded from the statistical analysis due to magnetic resonance imaging (MRI) findings of bilateral brain injuries. In all the remaining participants, the cause of cerebral palsy was unilateral perinatal middle cerebral artery stroke. All participants were born full term with the exception of participant 5, who was born at 36 weeks of gestation. The participants' ages were not different across groups based on the Mann-Whitney U test (P ¼ .60). Although the gender distribution was not homogeneous when the groups were compared using the Fisher exact test (P ¼ .035), this is not expected to have an effect on the outcomes of interest for this study. The presence of associated spasticity in some of the participants is reported in Table 1 .
The severity of dystonia was measured by the Burke-Fahn-Marsden (BFM) 23 dystonia scale, which was administered by S.N.K and L.O. and scored through consensus by 3 trained examiners (A.C.C., L.O., D.D.). The Burke-Fahn-Marsden scale rates the severity of dystonia and provoking factors. Separate scores for each arm can be obtained (maximum ¼ 16) as well as a total body score from the sum of the individual scores (maximum ¼ 120). Good reliability has been previously reported both for the total score and for the arm scores. 24 The Burke-Fahn-Marsden arm scores were compared between groups using the Mann-Whitney U test. No differences were found on the dominant side (P ¼ .053), and a significant group difference was found on the nondominant side (P ¼ .001), which was expected.
The study was approved by the institutional review board of the National Institutes of Health (NIH) (clinicaltrials.gov identifier: NCT01432899). Written informed consent was provided by the adult participants and by the parents/guardians of child participants. Children also provided written assent. This study is one component of a larger protocol including electrophysiological and biomechanical assessments.
Materials and Procedures
Sensory Tests. The tactile spatial discrimination threshold was tested using Johnson, Van Boven, Phillips (JVP) domes. 25 This device consists of a series of plastic domes with ridges spaced at 3.0, 2.0, 1.5, 1.2, 1.0, and 0.75 mm. During testing, 1 dome was pressed against the index fingertip for 1 second. The test started with the 1.5-mm dome, which was presented 20 times in a randomized sequence of orientation. The participants were required to state, without the use of vision, whether the ridges were aligned ''along'' or ''across'' the finger. The spatial discrimination threshold was defined as the ridge spacing eliciting 15 correct responses out of 20. If none of the domes resulted in exactly 15 correct responses, the spatial discrimination threshold was mathematically estimated according to the operation manual based on the success rates of the dome sizes tested. 25 In this test, a higher spatial discrimination threshold is associated with poorer tactile spatial sensitivity of the tested area.
For the assessment of the temporal discrimination threshold, an electrical stimulator (Nihon-Kohden, Tokyo, Japan) was used to apply square pulses through 2 digital ring electrodes placed on the index finger. 15 Each participant's threshold for perceiving a single electrical stimulus was determined by delivering pulses with increasing current from 0 mA in increments of 0.2 mA. The single-stimulus threshold was defined as the lowest intensity current at which the participant reported perception of 10 out of 10 consecutive stimuli. The stimulation level for the subsequent paired-stimulus temporal discrimination threshold test was set at 120% of this value. Six paired-stimulus sequences were then applied, alternating between sequences with increasing or decreasing interstimulus intervals in increments of 10 ms, based on the method of limits. 26 Each participant was asked to report whether 1 or 2 pulses were perceived after each pairedstimulus was presented. In each sequence, the interstimulus interval was either increased until the subject perceived 2 stimuli instead of 1 or decreased until the subject perceived 1 stimulus instead of 2. For each sequence, the midpoint between the last interstimulus interval and the previous one was recorded, and the temporal discrimination threshold was computed as the mean value of the 3 increasing and the 3 decreasing threshold values. Similar to spatial discrimination threshold, higher temporal discrimination threshold is associated with poorer sensitivity of the tested area.
Stereognosis, or the ability to identify objects by touch alone, was tested by presenting participants with 8 familiar objects, 13 including a pen, pencil, key, coin, paper clip, bolt, cotton ball, and rubber band. These items were mounted to a solid surface in a way that the items could be manually explored without requiring the participants to manipulate the item in their hand independently. The participants were allowed to touch the object for as long as they needed and then asked to name it. A curtain was placed to block the view of the hand and object during the exploration. The number of correctly named objects was recorded for analysis.
All the tests of tactile sensation were performed with both hands. These tests were previously shown to be valid and reliable measures of hand sensation in individuals with and without sensory deficits. 13, [27] [28] [29] Spatial discrimination threshold and stereognosis testing was performed by A.C.C. and temporal discrimination threshold testing was by S.N.K.
Motor Tests. In preparation for the reach-to-lift task, reflective markers were taped to the skin on various anatomical landmarks on the head, trunk, arms, and hands. The segment definitions followed the American Society of Biomechanics recommendations for upper extremity motion analysis. 30 A rod (diameter ¼ 1 inch; height ¼ 6 inches) was placed vertically on a table at the participant's midline and at a distance corresponding approximately to the full active extension of the arm in front of the body. The participant's trunk was restrained by shoulder straps to isolate arm movement. The participants performed the task 5 times with each arm, and the preferred/dominant arm was tested first. In the control group, hand dominance was identified by means of the Edinburgh inventory, 31 and in the dystonia group it was defined as the less affected arm. The participants initiated the task with their hands on their laps. Upon hearing a tone, they were instructed to lift one hand, reach forward, grasp the rod, and lift it off the table. Movement kinematics was recorded by an optical motion capture system (Vicon, Los Angeles, California).
The beginning of a reach was defined as the time point when hand velocity increased beyond 0.05 m/s. Since hand velocities in children with motor disabilities are known to be multiphasic, 16 the authors considered that the hand was touching the rod at the time of the first minimum in velocity when the hand was clearly near the rod. The interval between the beginning of the reach and the hand touching the rod was referred to as reach time.
Intralimb coordination was assessed by calculating the Pearson's correlation coefficient between shoulder flexion and elbow extension trajectories during reach. 32 The rod was defined as lifted when its distance from the table surface became higher than 5 mm. The hold time was defined as the interval between the hand touching the rod and the rod lift. 12 To account for the participants who were not able to lift the rod, the hold time values were transformed so values equal to 0 indicated that the participant was not able to lift the rod after several seconds trying, and higher values indicated that the participant lifted the rod shortly after touching it, according to the following equation: Transformed Hold Time ¼ log10((Hold Time) -1 þ 1). Finally, the hand orientation error was calculated as the angle of the vector perpendicular to the palm at rod contact relative to the average of the same vector over all healthy volunteers for that hand. This measure illustrates the variation in the orientation of the palm relative to the object axis. For descriptive purposes, the grasp strategy was categorized as (1) direct, when no adjustment was performed before grasp; (2) adjusted, when the participant adjusted the hand position after touching the rod; and (3) no grasp, when the participant failed to enclose the rod in the hand.
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Statistical Analysis
With the exception of reach time, variables were not normally distributed, according to Shapiro-Wilks test. Therefore, nonparametric techniques were used. The mean values of reach time, hand orientation error, shoulder/elbow correlation, and transformed hold time across trials were computed for analysis.
The Mann-Whitney U test was used to compare the groups (Dystonia Â Control) on motor (shoulder/elbow correlation, reach time, transformed hold time, and hand orientation error) and sensory measures (spatial discrimination threshold, temporal discrimination threshold, stereognosis) of each hand. The link between motor and sensory measures in the dystonia group was tested using the Spearman rho test. For all tests, a significance level of P < .05 was used.
Results
Dominant Side
Compared with the control group, the dystonia group had higher spatial discrimination threshold (mean rank Dystonia ¼ 11.21; mean rank Control ¼ 6.39; P ¼ .042), where higher scores indicate worse sensory abilities, and lower performance in the stereognosis test (mean rank Dystonia ¼ 4.86; mean rank Control ¼ 11.33; P ¼ .005) ( Table 2 ). The motor measures (shoulder/ elbow correlation, reach time, transformed hold time, and hand orientation error) on the dominant hand were not different across groups (Figure 1 ). On this side, the grasp strategy was predominantly direct for both groups (Control ¼ 100%; Dystonia ¼ 95%).
Nondominant Side
On the nondominant side, the dystonia group had significantly higher spatial discrimination threshold (mean rank Dystonia ¼ 12.64; mean rank Control ¼ 5.28; P ¼ .0001) and lower stereognosis performance in comparison with healthy volunteers (mean rank Dystonia ¼ 4.79; mean rank Control ¼ 11.39; P ¼ .003) ( Table 2) . Regarding motor performance, the dystonia group had longer reach time (mean rank Dystonia ¼ 12.00; mean rank Control ¼ 5.78; P ¼ .008) and hold time (mean rank Dystonia ¼ 4.0; mean rank Control ¼ 12.0; P < .001) and lower shoulder/elbow correlation (mean rank Dystonia ¼ 12.86; mean rank Control ¼ 5.11; P < .001) compared with the control group (Figure 1) . Hand orientation error was not different across groups. However, healthy volunteers performed predominantly direct grasps (99%), while patients performed adjusted grasps in 68.7% of the trials and failed to grasp in 25% of the trials. 
Correlation Among Measures in the Dystonia Group
The 3 sensory measures were correlated with each other. Three motor measures (shoulder/elbow correlation, reach time, and hold time) were intercorrelated as well (Table 3) . Sensory measures of the dystonia group were not correlated with any of the motor measures. However, greater dystonia severity was directly related with poorer stereognosis, longer hold and reach times, and decreased shoulder/elbow correlation, as shown in Table 3 .
Discussion
In this study, tactile sensory responses and the performance in a reach-to-lift task were tested in participants with dystonia due to unilateral perinatal stroke. The results provide evidence of bilateral sensory deficits in spatial discrimination and stereognosis and of unilateral impairments in intralimb coordination, movement time, and ability to complete the grasp task. A significant correlation of dystonia severity with sensory and motor components of hand function is described.
Sensory Features
The values of spatial discrimination threshold observed in both hands of healthy volunteers were close to the means expected for healthy individuals (1.4 mm) . 35, 36 In contrast, in the majority of patients the values of spatial discrimination threshold bilaterally were above the limit tested by the instrument. Previous studies identified bilateral sensory deficits in children with predominantly spastic cerebral palsy and did not specifically verify that those with hemiplegia had purely unilateral brain injury. 37 In patients with dystonia, sensory aspects have been previously investigated only on the dominant hand in patients whose impairment severity in the nondominant hand precluded testing. 10 Stereognosis was also bilaterally affected in the patient group, which is consistent with studies showing that this may be one of the most impaired sensory aspects in hemiplegia. 38 Recognizing objects by touch is a complex ability that requires the use of clues from texture, temperature, size, shape, weight, and other features of the object. 39 Therefore, the presence of tactile impairments such as spatial and temporal discrimination, and of motor deficits, is expected to affect stereognosis. 13, 40 The role of tactile and motor factors in stereognosis was supported by the correlation analysis as well.
Although temporal discrimination threshold was correlated with spatial discrimination threshold and stereognosis, the trend toward poorer temporal discrimination in patients than controls did not reach statistical significance as it did for spatial discrimination and stereognosis. One functional MRI study implicates particular regions in the bilateral frontal cortex (presupplementary motor cortex and anterior cingulate gyrus) that are specifically activated in a temporal discrimination task and are not activated in a spatial discrimination task. 41 If these frontal brain areas are critical to temporal discrimination, the lack of significant group differences in temporal discrimination threshold and the presence of group differences in spatial discrimination threshold in the present study may be partly explained by greater preservation of these critical brain areas in the patient group studied here. However, in another functional magnetic resonance study, the presupplementary motor cortices were bilaterally active during a spatial discrimination task, suggesting that the functional neuroanatomy of spatial and temporal discrimination tasks may not be distinct in all circumstances. 42 Another factor contributing to the lack of difference between subject groups on temporal discrimination threshold could be the high interindividual variability in the patients with dystonia and the small sample size. The mechanisms underlying the presence of bilateral sensory deficits in patients with unilateral lesions are not completely understood. Although it has been shown that damage in the thalamocortical pathways correlates with contralateral deficits in touch and proprioception, 19 current knowledge does not support the presence of ipsilateral connections in these pathways.
The authors speculate that developmental factors may have played a role in the sensory findings of this study. It is known that maturation and experience are involved in tactile sensation, resulting in changes in spatial discrimination during childhood 35 and enhanced spatial discrimination in people who are blind. 43 Therefore, a reduced number of perceptual-motor experiences throughout development may have contributed to reorganization of the sensorimotor cortex. Accumulating evidence from animal research has demonstrated the deleterious consequences of nonuse and of stereotypical movement patterns early in life to cortical reorganization and hand sensorimotor function. 44 However, human studies that directly investigate the development and organization of the somatosensory cortex in childhood-onset dystonia are necessary to clarify this issue.
Motor Features
The reach-to-lift variables and dystonia severity were only different across groups on the nondominant side. Although some studies have shown that the dominant arm can be impaired as well, 16, 45 these studies mainly address patients with spastic cerebral palsy. In addition, methodological differences complicate comparisons with the present results. Differences or uncertainty about the laterality of brain injury 16, 45 and lack of feet and trunk support during testing by van der Heide et al 46 may account for findings of longer reaching duration and latency to lift objects in patients' dominant arm. Other outcomes assessed by these studies were related to arm mechanics, such as jerk and number of movement units, which were not the focus of the current study. The present results for the dominant side point to similarities between patients and controls regarding overall performance of a visually guided reaching task. However, the quality of movement may be different and should be addressed in future studies. The group differences on the nondominant side included reduced shoulder-elbow correlation and longer reach and hold times in the dystonia group compared with the healthy volunteers. The emergence of spatial coupling between shoulder and elbow is typically expected to occur within the first 2 years of life and illustrates more efficient arm trajectories. 47 Reduced shoulder-elbow correlation suggests that the patients may have failed to develop typically early in life. This finding is consistent with characteristics of dystonia such as problems with gradation of movement and positioning of the limb in space. 48 Difficulties in activating the appropriate muscles 49 with the right timing 11 may be additional factors contributing to uncoordinated movements, with possible consequences for functional performance. In this study, the patients had slower reach and hold times on the nondominant side compared with healthy volunteers. The longer time needed to complete a grasp task has been frequently reported in the literature regarding patients with spastic cerebral palsy compared with typically developing children. 16 Although noted less frequently, difficulties with the reach component have also been reported and are usually related to greater impairment severity. 50 The effect of severity was confirmed in the current study by the correlation analysis. Another possible cause of slower movements is the presence of dystonia in this study's participants. Inappropriate timing of agonist-antagonist muscle contractions in dystonia is thought to introduce greater noise and variability into the arm mechanics, causing the patients to reduce speed as a compensatory strategy. 49 Five of the 7 participants with dystonia additionally exhibited spasticity, which is known to contribute to movement slowness as well. 7 The authors expected to find increased hand orientation error in the dystonia group due to known difficulties with forearm supination in patients with cerebral palsy. 51 Despite the lack of significant group differences, it is clear that some participants were able to orient the hand according to the object features whereas others were not ( Figure 1C) . However, the number of participants in this study did not allow a subgroup analysis to test differences in hand orientation according to the participants' impairment severity and its impact on hand function.
Correlation Between Sensory and Motor Outcomes
The correlation analysis failed to show that sensory measures were correlated with reach-to-lift variables. However, it did demonstrate that greater dystonia severity was correlated with poorer stereognosis, longer reach and hold times, and decreased shoulder-elbow correlation.
Considering previous findings that tactile discrimination is relevant to the performance of specific adjustments required to lift an object, 12 the authors hypothesized that reach-to-lift variables would be correlated with sensory measures. One possible explanation for the lack of correlation is that tactile discrimination skills are not as critical to the performance of a simple reach-to-lift task if visual feedback or guidance is available. Support for this idea is provided by Bleyenheuft and colleagues, who found no correlation between tactile spatial discrimination and dexterity in a pegboard task in healthy children 52 and children with spastic hemiplegia. 53 These authors suggest that the acquisition of motor components is more critical than acquisition of sensory abilities to meet the pegboard task's demands. Another factor could be that the participants used visual guidance to compensate for their sensory loss. Accordingly, sensory deficits have been related to increased activity in visual areas during the performance of manual tasks in adults with focal hand dystonia 54 and to increased activity in areas dedicated to visuospatial and somatosensory attention in children with hemiplegic cerebral palsy 55 compared with healthy individuals.
The association between performance in the stereognosis test and the arm scores measured by the Burke-FahnMarsden scale indicates that participants with more severely impaired arms are less able to recognize objects by touch. The relation between stereognosis and manual ability has been reported in children with spastic hemiplegia, 56 with improvements in active hand range of motion resulting in better stereognosis. 57 The present study demonstrates that the presence of involuntary movements or postures can limit the motor exploration needed to recognize objects as well. The additional finding that the 3 sensory measures were interrelated suggests that in the same subject, more than one tactile ability may be impaired, and that a combination of sensory and motor factors may be involved in the ability to recognize objects. Indeed, it has been shown that motor constraints associated with sensory loss limit the acquisition of relevant information and the performance of exploratory procedures required to recognize objects, such as enclosure and contour-following. 40 In addition, the 3 sensory tasks may share similar neuroanatomical substrates, including regions in parietal cortex, frontal cortex, cerebellum, and basal ganglia, 41, 42 supporting the presence of correlations among them.
The association between shoulder-elbow correlation and reach and hold time with Burke-Fahn-Marsden arm scores indicates that joint incoordination and the time to reach for and lift a target are directly proportional to the degree of arm impairment. It was previously reported that the disturbance in arm kinematics during reaching is related to dystonia severity in children with dyskinetic cerebral palsy, 9 but previous studies did not address the impact of dystonic symptoms on the grasp component. The results reported here demonstrate that impairment severity is also related to hand function in patients with unilateral dystonia, which has important functional implications.
Taken together, the findings of the current study describe the nature of sensory and motor deficits and the role of impairment severity in individuals who present with dystonia due to unilateral brain injury. Limitations of this study include the small sample size and the choice of a motor task that may not be challenging enough to be affected by sensory loss when visual input is available. Nevertheless, clear evidence of unilateral motor and bilateral sensory deficits in a group with unilateral brain lesions points to anatomical differences between sensory and motor brain representation or reorganization after injury. Previous work showing bilateral sensory deficits in patients with a hemiplegic phenotype did not exclude those with bilateral injuries, in contrast to this study. To isolate the impact of dystonia in particular on the sensory and motor features described in this study, future work could incorporate additional age-matched cohorts with unique causes and symptoms, including a perinatal stroke group with only spasticity, one with only dystonia, and a group of individuals with a genetic form of dystonia. Additionally, a study could evaluate children before and after they take a medication such as trihexyphenidyl or levodopa to determine which aspects of the movement disorder are altered.
Given that sensory retraining improves sensory discrimination, fine motor skills, and functional independence in adults with focal hand dystonia, 58 it is possible that engaging patients with childhood-onset dystonia in a variety of sensorimotor activities with task-relevant sensory stimulation can improve their functioning as well. Moreover, appropriate interventions to help improve hand function should be planned as early as possible based on the patient's degree of impairment. Although preliminary evidence suggests that constraint-induced therapy can increase the activation of the somatosensory cortex, 59 the extent to which these changes also result in improved motor performance, especially in the population with dystonia, still needs to be investigated.
